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FIG. 1: One-loop diagram for the eective electro-magnetic
vertex of the neutrino in the limit of innitely heavy W and
Z masses.
This is justied if the calculation is performed to lead-
ing order in the Fermi constant, G
F
. In this limit the



























where,  and l

are the neutrino and the corresponding
lepton eld respectively. For electron neutrinos,
g
V







= 1  1=2; (4)





from the W exchange diagram and the second one from
the Z exchange diagram. Then the amplitude eectively
reduces to that of a purely photonic case with one of the
photons replaced by the neutrino current, as seen in the




























represents the vector-axial vector coupling
and 

is the polarization tensor arising from the dia-
gram in g. 2. Because of the electro-magnetic current
conservation, for the polarization tensor, we have the fol-
















= 0 : (7)
In an earlier paper (GK01) [16] we have calculated
the imaginary part of 

in a background medium in
presence of a uniform external magnetic eld, in the
weak-eld limit, calculated at the 1-loop level. We shall
use the results of GK01 here to obtain an expression for
the total imaginary part of the eective neutrino current
under equivalent conditions.
q ! q !
p+ q  p
0
p
FIG. 2: One-loop diagram for the vacuum polarization.
In order to calculate the absorptive processes in a
thermal medium we use the real time formalism of the
nite temperature eld theory. The propagator acquires
a matrix structure in this formalism and the o-diagonal
elements provide the decay/production amplitudes. For
the ease of calculation, we work with the 11-component
of the propagator to nd the imaginary part of the




This quantity, multiplied by appropriate factors, then
gives the correct value of the imaginary part of the
polarization tensor [17, 18, 19, 20]. Though for no-
tational brevity we shall suppress the 11-superscript
for both the propagator and the polarization tensor
in the rest of the paper. It should be mentioned
here that we consider the eective photon-neutrino
interaction coming from the imaginary part of the
axial polarization tensor. Hence, like in the case of
the polarization tensor, we work with the imaginary
part of the 11-component of the axial polarization tensor.






the electron lines in the loop. To evaluate this diagramwe
use the electron propagator within a thermal medium in
presence of a background electro-magnetic eld. Rather
than working with a completely general background eld
we specialize to the case of a purely magnetic eld. Once
this is assumed, the eld can be taken in the z-direction
without any further loss of generality. We denote the
magnitude of this eld by B. Ignoring at rst the pres-
ence of the medium, the electron propagator in such
a eld can be written down following Schwinger's ap-














































































































= cos eBs + i
z
sin eBs ; (14)










C(p; s) ; (15)
where we have used the shorthands,




























Of course in the range of integration indicated in eq.(15)
s is never negative and hence jsj equals s. It should be
mentioned here that we follow the notation adopted in
GK01 and BGK02 to ensure continuity. In the presence






























for a fermion propagator and 
F
(p) contains the distri-
bution function for the fermions and the anti-fermions:

F
(p) = (p  u)f
F
(p; ; )
+ ( p  u)f
F
( p; ; ) : (20)
Here, f
F
denotes the Fermi-Dirac distribution function:
f
F






and  is the step function given by:
(x) = 1; for x > 0 ;
= 0; for x < 0 :






























































where the subscripts re and im refer to the real and imag-




























C(p; s) : (25)
with (p; s) and C(p; s) dened by eq.s.(16) and (17).




(q;B) in odd powers of B - The amplitude of the



















where, for the sake of notational simplicity, we have used
p
0
= p+ q : (27)
The minus sign on the right side is for a closed fermion
loop and S(p) is the propagator given by eq.(18). This
























And, the gauge invariant contribution to the absorptive
part of the vacuum polarization tensor which is odd in B
is given by (GK01):













































tan eBs tan eBs
0










where we have dened:










(k;B) in odd powers of B - The amplitude of the





















4Using eq.(22) we nd that the absorptive part of the po-






























































Notice that the phase factors appearing in Eq. (32) are
even in B. Thus, we need consider only the odd terms
from the traces. Performing the traces, the expression,



































































































































































, for example. This signies that e
k
is an index
which can take only the `parallel' indices, i.e., 0 and 3,
and is moreover dierent from the index  appearing else-
where in the expression. Now, since we perform the cal-
culations in the rest frame of the mediumwhere pu = p
0
the distribution function does not depend on the spatial
components of p. In the last two terms of of eq.(34),




























































However, this expression, being a total derivative, should











where the sign `
Æ
=' means that the expressions on both
sides of it, though not necessarily equal algebraically,


























Also, using the denition of the exponential factor (p; s)






































Moreover, taking another derivative with respect to p

?
of eq.(36) we obtain, from the fact that this derivative











































Therefore, incorporating eq.(39) and eq.(40) in eq.(34)











































































tan eBs + tan eBs
0
: (43)






= 0 in accordance with eq.(7).


































































































































































































not evident but the gauge-invariance of this part has been
proved in appendix A. Therefore, the complete gauge-








































































































































































valid for any vector a









































is given by Eq.(47).
IV. THE WEAK FIELD LIMIT











































































































































































This entire expression vanishes upon integration, as has
been shown in appendix B. Therefore, to O(B) the




















(O(B)) is given by :















































For a detailed discussion on the properties of 

(O(B))
in various background media see GK01.
In this context, it would be worthwhile to compare
our results with the case of a non-magnetic thermal
plasma. Following the formulation in section II we nd
that the absorptive part of the 1-loop polarisation tensor
(the axial-vector interaction) for a non-magnetic thermal


























  jsj ; (54)
C
0
(p; s) = /p+m: (55)

































Therefore, the absorptive part of the polarization tensor,
for a non-magnetic thermal plasma, is given by Eq.[56].
Evidently, the same is true for a weakly magnetized
plasma, to linear order in the strength of the magnetic
eld.
V. CONCLUSION
In this work, we have considered massless, standard-
model neutrinos. Recent observations indicate that the
neutrinos have mass. However, the present treatment can
be modied for massive neutrinos following the method
adopted in [10].
It is important to note that the correction to the ab-
sorptive part of the axial polarization tensor due to the
presence of a magnetic eld is zero to the linear order in
the eld strength compared to the case of a non-magnetic
thermal plasma. Unlike, in the case of the real part
(which gives the eective charge of the neutrinos) where
a magnetic eld breaks the isotropy of space here is no
such introduction of a preferential direction. Therefore,
even though the eective charge of the neutrinos picks
out the direction of the external magnetic eld, to O(B)
the absorption processes do not have any direction de-
pendence.


























































































































(tan eBs   tan eBs
0
) ] : (A2)
Now, from the denition of , it follows that, apart from
the small convergence factors,
i
eB





























tan(   )   p
2
?
tan( + ) ; (A3)


























































































































































































































tan eBs + tan eBs
0















can be shown in a sim-
ilar fashion.
7APPENDIX B: EVALUATION OF THE
INTEGRALS
From the denition of  it follows that,




) = it (p
2




















  s. Using this Eq.(50) can
































































































































































































































































































































































































































































































































































where we have used the following identity :
1
a i
= P(a)  iÆ(a) ; (B11)
P being the principal value. Therefore we have,
I
1
(p; q) = Æ(p
2








































Since the numerator and the argument of the delta




) vanishes upon p-





It could be similarly argued that I
2
(p:q) vanishes upon
p-integration. In case of I
3
(p; q), an integration by parts
for the t
0
-integral renders it to the form of Eq.(B9) and
the above argument then can be followed through to
show that this also vanishes upon p-integration.
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